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Synthesis and Characterization of Sodium Tetrathionate

INTRODUCTION:

Sulfur forms a large variety of oxo-anions, the best known of which are the sulfate, SO42-,and sulfite ions, SO32-. The polythionates are a second class of sulfur-oxygen anions having a general formula, SnO62-, where n ranges from 2 to greater than 20. These anions, containing more than one sulfur, are normally named according to the number of sulfuratoms present. Thus the anion, S4O62-, is named tetrathionate. The polythionates are stable only as salts—the free acids cannot be isolated.
The sodium tetrathionate is synthesized by the reaction of elemental iodine with sodium thiosulfate, (S2O32-). The reaction is quantitative and is the basis of the iodometric titration used in analytical chemistry. The product can be recovered if the reaction is carried out in alcohol.

PART A: Determination of Reaction Quantities

Experimental: Dissolve an accurately weighed sample of 100 mg (_____ mmol) of iodine in 20 mL of water containing excess KI (~1 g) in a 25mL beaker. The solution should be a deep brown in color.

Accurately weigh 250-300 mg of sodium thiosulfate pentahydrate into a 25-mL volumetric flask. Fill the flask to the mark with water (recall the correct procedure for preparing solutions from Chem 270).

Prepare a 1.0% solution of soluble starch according to the following procedure:

Place 1.0 mL of water in a 10-mL beaker and bring it to a boil on a sand bath. Weigh out 10 mg of soluble starch, suspend it in a drop or two of water, stir it, and finally add it to the hot water with a Pasteur pipet. Heat the mixture for a minute or two to obtain an almost clear solution, adding water, if necessary, to compensate for the loss due to evaportation.

Quickly titrate the iodine solution prepared earlier with the thiosulfate solution, using a buret. Add the thiosulfate solution dropwise to the iodine solution until the deep red-brown color of the iodine solution becomes light yellow, but not colorless. If the solution becomes colorless, add a few crystals of iodine that were weighed previously (not more than 10-12 mg) to the solution to regenerate the iodine color.

When the titrated solution assumes a light yellow color, add 1.0 mL of the starch solution to it. The solution will become purple or blue in color because of the formation of a blue-violet complex between I2 and starch. Continue the titration by adding thiosulfate solution dropwise to an iodine-starch solution until the solution becomes colorless. The mass of sodium thiosulfate in milligrams required for reacting completely with the amount of iodine taken may now be calculated.

PART B: Quantitative Preparation of Sodium Tetrathionate

This experiment works best when a slight excess of iodine is present. In a 10-mL beaker, weigh out 105% of the amount of iodine used in Part A and dissolve it in 2 mL of 95% ethanol. Using a mortar and pestle, grind a sample to sodium thiosulfate to a fine powder. Weigh out the same amount of powdered sodium thiosulfate as was used in Part A. Add the powdered thiosulfate in several parts to the iodine solution, vigorously agitating the mixture using a glass rod or spatula before the addition of the next portion.

Since thiosulfate is insoluble in alcohol, thorough mixing of the reactants is necessary to

ensure completion of the reaction. The mixture may be warmed (but do not boil, iodine

may sublime off) to increase the rate of reaction. At the end of the reaction, the slight excess of iodine should be left unreacted as indicated by a faint yellow color of the solution. If the mixture turns completely colorless, add one or two crystals of iodine to the solution to regenerate a persistent faint

yellow color of iodine. This will ensure that no thiosulfate is left unreacted.

Isolation of the Product

Collect the microcrystals of sodium tetrathionate by suction filtration using a Hirsch funnel. Wash the beaker and the product with several 500 L of ether and dry the product on the filter under suction. Determine the percentage yield of the product.

CHARACTERIZATION OF THE PRODUCT AND RELATED COMPOUNDS:

Make a KBr pellet of the product and obtain an FT-IR spectrum. Also obtain IR spectra

for the following related compounds: sodium sulfate, sodium sulfite, sodium thiosulfate,

sodium bisulfite, potassium peroxodisulfate, sodium dithionite.

Determine the structure and Lewis diagram for each of sulfur oxo anions above.

Then determine the point group classification for the anions sulfite, sulfate, and

thiosulfate. Use this information to determine the number of IR active modes which

are expected and compare this to the actual IR’s obtained. Discuss the results.

MOLECULAR MODELING

1. Use the SciGress Editor to make the following sulfur oxy anions: sulfate, sulfite, bisulfite, thiosulfate, peroxodisulfate, dithionite, dithionate, and tetrathionate. Use a textbook as a reference for the structures. It would probably be best if you write the Lewis structures of the ions to assist in the placement of double bonds and to check for reasonableness of geometry. Make at least four of the structures, and consult with other groups to be sure that all of the structures are built. Carefully check on things like some double bonds, lone pairs, and hybridization to be sure that the structures are reasonable. If any questions, consult instructor before proceeding. After one molecule is complete, you may just modify portions of the molecule to make the second or third molecule. But be sure to use File and SAVE AS and change the name to the new molecule.

2. Use Mechanics . After all of the structures have been made and saved, use Mechanics to minimize the energy in the structures. Use all of the default settings. Run all of your molecules at this time using the File and Open.

3. Use MOPAC. Set up the MOPAC screen as follows:

Property: IR Transisitions

Parameters: MOPAC PM3 FORCE

Run all of your molecules at this time using the File and Open.

4. Use the Visualizer . Open the various files in the Visualizer. Then when a molecule is active select Analyze and then select IR Transistions. This will display the theoretical IR Spectrum.

Click on Window and then Tile. This will display the portion of the molecule that causes that absorption in the spectrum. Continue to select other portions of the spectrum. If you wish to change any aspect of either axis, double click on the axis and make changes in the dialog box.

If more than one molecule is open in the Visualizer, and Vibrational Spectra has been

selected, multiple spectra are displayed for comparison.

EXPERIMENTAL AND MOLECULAR MODELING COMPARISON:

For several of the molecules, make a table to list the atoms causing a vibration and the location. Compare the same vibration location in several molecules.

Compare the computer generated spectra to the group theoretical treatment of the anions,

especially regarding the number of peaks that should be present. Compare the computer generated spectra with FT-IR spectra. Comments.

Questions

1. What effect does the increase in oxidation state of the sulfur in thiosulfate to

tetrathionate have on the IR frequency of the S-O stretch?

2. The polythionates can be viewed as being derivatives of the sulfanes. What is a

sulfane and how is one prepared?
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